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THE COEFFICIENT OF THE RATE OF ABSORPTION IN HORTZONTAL
CHANICAL SCRUBBERS WITH A LOW NUMBER OF REVOLUTIONS

YECHANTOAL SCRUBBERS WITH A DO SSEe o ===
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published data on vhe industrial use of absorption equipment with automatic
regeneration of the contact material are extremely limited. There are desorip=
tions of various designs of mechanical sorubbers, but the quantitative character=
igtios of their operation are lacking.

The aim of this investigation was to obtain a kmewledge of values of the co=
officient of the rot@ of absorption on large-scale 1aboratory models of a hori=
zontal mechanical sorubber. The nagnitude of the coefficlents of sbesorption was
determined as a funotion of the number of revoluticns of the ghaft, the rate of
passage of the gas, and the rate of flow of the liquid. Baslc experiments to
clarify tha effect of theso factors were carried out on the absorption of carbon
dioxide, & gas with low solubility, bY water, and only 8 few experiments were
conducted on the absorption of ammonia, & gas with high solubility, by water,

The data on the coefficients of absorption obtained on the mgdel were come
pared with the coefficients found in the same manner on an apparatus of another
design. On the basis of this work, conclusions were drawn on the use mk as b= y
sorption apparatus of mechanical scrubbers with a horizontal axis of ratation. ‘1

In most absorption apparatus (bubble columns, spray colums, and filled
towera) mutual {ntermixing and development of & surface of contact between the
1iquid and the gaseous phase are accomplished by means of specisl stationary de=
vices for the diatribution and movement of the two phases in the apparatuss

T In meghagioal gerubbers the regeneration of the contact materisl is carried ‘\
out by the intermixing of the 1iquid and the gas by means of & rotating mechand= “
cal devices 2
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The mechanical sorubbers deseribed in literature can be divided into twe

groupst

1) Sorubbere with a vertically rotating chaft, among them the Field
serubber, the centrifugal MacLaurint /7 7 sorubber, and othersj

2) Sorubbers with a horizontally rotating shaft, such as the sorube
bere with reticular diekaa, ngtandard" sorubberst, etc.

ALl vertical mechanical sorubbers, and also scme horizental ones, run at
100 and more rgm. A epraying device of some kind (fans, disks, bundles of rods,
oto,) is fastened to the chatt and sprays the liquid into the gag stream, In
this manner, an extremely intenpive development of surface abesorption will take
place, determining the effestive work of the apparatus. The conditions of gas
ebsorption in these sorubbaers ccme olosest to those prevailing in hollow absorp=
tion towera with liquid spray.

The mechanical serubber with a horizontally rotating shnfta operates on a
different principle, In this case, the ghaft rotates relatively slowly, The
reticulated or latticed disks, at every revolution, entrain liquid from the lower
part and raise it in the form of a thin film into the upper zona, where it is
satusated by the gas to be absorbed. Then, upon immersion in the bulk of the
1iquid, this liquid is regenerated, again emerges into the gas, end so forth.

Have the conditions of the absorption process are very oclose to those pree
veiling in the filled scrubbers, only instead of the liquid f£ilm running off
over the filling material, the films are moved by rotating disks.

In the literature, aa‘weg have stated, there are no numerical data characs
terizing the efficiency of operation of the above-mentioned mechanical absorp=
tion devices, If genersl considerations are used for orientation and if a des=
cript}on is available; the following conclusion can be made; the resistance to

the passage of gas should be negligible; absorption of the gas ought to be

-2
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accomplished by a minimum quantity of abgerbentj the constant regeneration of
the liquid film should afford high effielency in the absorption of gages with
low golubility. The horizontal sorubber is vasically sulted for performing of
sbserptien eperations in which the 1iquid is contaminated by a sedimeht or even
in caneo where formation of a sediment takes place in the course of the absorpw
tion process ae & recult of reacticne which take placeé.

The chief deficiency of the mechanical sorubbers is the additional. power
required for turning the shaft, This power consumption is especially high in
gorubbers with high rpm, and makes them uneconemical in the firet place, For

this reason, & horizoental sorubber with low rpm was used in our experimenta.

Experimental Part
The experimental model of the mechanical sorubber, in dimensicns and oute

put, corresponded to the scale of & semi-plant laboratory installation (Fig l)e

The casing of the sorubber mddel moasured 150 mm in diameter and LOO mm in
length. It consisted of two parts in the form of semicylinders., Thae lower part,
or vat, for mgsuring effective cireulation of the sbsorbing liquid, was dividéd
into L sections by partitions. The upper part, or cover, was made of plexiglass.
Thie permitted observation of all phenomena taking place inside the apparatus
during the experiments, The junetion between the upper and the lower semi=
eylindrical parte was equipped with a hydreulic seal to keep the apparatus alre
tight.

Six outlets were soldered to the underside of the vat. They gerved as ine
tokes and drains for the absorbent and also for drawing samples and draining the
sections. A shaft ran through the axis of the cover. The disks were attached
to it., Theywre made of sheet iren 0,5 mm thick. Sixbty openings were drilled,
uniformly distributed over the entire surface of the disks. Their diameter was

10 mm, and the cenbers were 15 mm apart (Fig 2)s A proliminary test of the

n3.
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dirke with openings of & smaller diameter (L, 6, and 8 mm) showed that in emerg=
ing from the liquid the openings were partially closed by a liquid film, which
prevented the passage of the gac through the orosemsection of the sorubber. Hove
ever, open%nga with 10 mm diameter were no longer olosed by a film, and for that
reasen, wef‘ueed that dimension for the diske of our experimental medel. The
diske had a diaméter of 150 mms The clearance betwoen the edges of the disks and
the surface of the cace did not exceed 1.0 to 1.5 m. In distributing the diske
along the shaf't, the diatance between them was kept at 20 mm,

Before the diske were installed, they were carefully cleaned of grease, so
that their surfaco could be complotely wetted, The number of rpm of the shaft
could be varied from 2 to 55,

A complete sketoh of the experimental installation is shown in Figure 1.

In thio arrangement, the air for forming the gas mixture is supplied by a blower,
The gas to be absorbed (carbon dioxide or ammonia) enters from the oylinder (1),
pgases through a reducing valve and then through a trap (2)s The quantity of
air and gas which enters is measured by means of a flowmeter (5). To safeguard
continuous delivery of gas from the cylinder furing the exporiment, a liquide
filled pressure regulator (3) is connected in front of the flowmeter. The static
pressure of the gases is measured by & Ustube pressure gauge (L), Behind the
rheometer, the gas pipes are joined into one common line through which the gage
dir mixture enters the scrubber (6)s On the wall opposite the gas intake there
was a nozzle with a hose for the exhaust of the gas from the serubber, Pipes
from the aspirators (7) were connected to the intake and exhaust hoses. The gan
taken away by the aspirators during the experiment was analyzed to determine the
content of the.component to be absorbed,

Water functioning as the absorbent entered from the tapwater line into a

pressure flask in which the water level was kept oconstant, Frem the flask it

“le
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flowed through a flowmeter (9) at & definite rate and entered the firet secticn
? of the vat of the sorubbers The flow of the water through the gections was in
opposite direction 4o the gas flow. From the fourth and last seotion the water
(solution) flowed out into a measuring tenk whera it wan measured at the eonclus
clon of the experiment. samples of the aqueous gelution leaving the sorubber
were pericdically drawn into flasks during the experiment.

A oonstent water level wan meintained ineide the gorubber by means of an i

overflow drein, In the experimonts with ocarbon dioxide the height of the drain

! wag 62 mm. The volume of liquid inside the gorubber was 3,5 literss In the

|
experiments with ammonia, where the absorption took place only in one section, l
the hiight of the drain was reduced to 50 mm, and the volume of liquid to 0.7 |

; liters.

!\' The experiments were performed under conditions of a continuous process.
They provided for a constant rate of flow of gas and liguwid through the appara=
tus, constant temperaturo of gas and 1liquid, and & congtant number of rpm of

the disks. The gas temperature was maintained at 16 to 1796, Censtant condi=

i

|

(, tions were aleo maintained in the analysis of the samples of 1iquid withdrawn

{ from the scrubbers The cbmposition of the 1iquid changed hardly at all during

! the experiment. As & matter of fact, as shown by the data of table 1, the concen=
tration of the gas being absorbed inthe aqueous solution leaving the scrubber ine
creages at the start of every experiment and then, having reached a definite
level corresponding to the conditions of the experiment, remaine unchanged.

“; This constancy of the concentration set in within g 4o 8 minutes from the be=

ginning of the experiment, depending on the rate of flow of the water and pas

intake, The quantity of water passing through the scrubber in the experiment
The quantity of gas drawn through the
was 0.5 to 2,0 liters per minute. %Meuame@%%&pua&gwes»%hmw
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apparatus varied from § to 2l liters per minute. The resistance to the passage
of the gae in the sorubber varied between 3 and 25 mm of water colunns The eX=
periments lasted from 15 to 20 minutes. Samples of the outflewing water were
taken every 2§ minutes. Up to 8 samples were taken durdng one experiment, In
some cases, two parallel samples were taken, and sometimes semples were taken
from the outlet nozzles of the first and fourth sections.

It is saen from the numerical data of Table 1 that the concentration of
carbon dioxide in the water taken from the bottem of the last gection ia some=
what lower than at the overflow drein. The inoreased congentration in the up=
per layer of the water may be explained by sdditionel absorption of gas at the
weter surface. The agitation of the liquid caused by the diske, even at 52 rpm,
does not suffice for complete equalization of concentration throughout the
helght of the liquid,

Determination of carbon dioxide in the water was carried out according to
a method described in literature3. The carbon dioxide content in the tap water
suppiied to the scrubber was determined several times while the experiments
were being carried oute It was only 0,005 grams per liter. Thus, in the deter=
mination of tho carbon dioxide which had been absorbed, this quantity was of no
importance and could therefore be completely neglected.

Samples of the intake and exhaust gas were taken continuously during the
experiment by aspriators with a capacity of 2 liters each. The analysis of
these samples for their carbon dioxide content was carried oub with an Orsat
apparatus.

For determination of ammonia in the outflowing water, samples are taken

.....

tion of the excess acid by sodium hydroxide in presence of a mixture of meﬁhyi'

wben
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red and methylene blue indicators. For determination of the ammonia in the gaa
during the taking of the sample, treps (11) containing a titrated suwlfuric acid
golution are placed in front of the aepriator, They absorb the ammonia frem the
gan being sampled. The titration of the excese acid in the traps after the ex=
periment is cerried out exaotly in the same manner as the analysis of the aque=

ous solution.

Discusaion of the Results

The sclubility of carbon dioxide in water is very slight. Thus, for ine
stance, at 10°C, Henry's Constant equals 0,791,105 mm/molecular fraction, Cale
owlating, according to this, the equilibrium concentration for a gas with 10
per:}ent. carbon dioxide, we find that it corresponds to 0.2l grams per liter,

Ae a consequency of this, lowering of the carbon dioxide concentration in the
gas during its passage through the apparatus did not exceed 0,2 to O.L percent
by volume at un over-all concentration of about 10 percent carbon dioxide, The
sltuation is different as regards the change of the carbon dioxide concentrae
tion in the liquid phase, While the tap water supplied to the serubber contained
0,005 grams of carbon dicxide per liter, the concentration in the outflowing
water rose to 0.1 to 0.2 grams per liter, i.,e., increased by several tens of
times,

In the analysis of the intake and exhaust gas, an average for the experie
ment was taken. At the same time, 6=8 tests were made for the analysis of the
liquid phase. The quantity of the flowing water was determined, in addition to
the use of a flowmeter, by direct measurement of the water after the experiment,
which precluded the possibllity of errors in the experiments,

In view of all this, it willl be more convenient and more exact to caleulate
the quantity of absorbed carbon dioxide from data on the liquid phase,
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Since in the absorption of carbon dioxide by water the baslo resistance is
represented by the liquid phase; the moving force can most conveniently be ex=
preseed here as differences between concentrations of the gas in the liquid,

Thelyaloulation of the general coefficient of absorption is therefore de=
rived by means of the eguation

o W kg
BL * pmgr—— e Trn e R (1)

where W is the quantity of absorbed substance throughout the experiment (in
kilograms), F is the absorption surface (in square meters),  1is the time of
sbsorption (in hours), O is the mean logarithmic difference of concentrations
of the absorbed component (in grams/liter) or in kilograms/cubic meter, which
gives the same reswlt), The quantity of carbon dioxide, absorbed within 1 min-
ute, is computed by the equation

Wndn = -1335- (Cx = Cq) lalograms/minute (2)

where L is the quantity of water flowing through (in liters/minute); Cy the
concentration of carbon dioxide in the water flowing out (in grams/liter), C,
the eoncentration of carbon dioxide in the water flowing in (in gramsfliter),
which is always equal to 0,005,

In gases of counter=-current of gas and liquid, the mean difference of conw-

centration is expressed by the equation

(Cym = Cp) = (Ork = Cy)
203 1g Orn = Cn
Cric = Ok

L0 =

(3)

where Cypy and Opj are the equilibrium concentrations upen entrance into the

apparatus and upon leaving the apparatus. The absorption surface F was
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Declassified in Part - Sanitized Copy Approved for Release 2012/05/16 : CIA-RDP82-00039R000100160026-6

CLRET

arbitrarily taken as the surfase of the disks minug the area of the openinge and
of the part of the surface of the disks which was immersed in the liquid. With
20 diske, the surface wae 0,312 ne. (The surfesce of the water in the ecrubber,
amounting to 15 percent of the working surface of the diska, was not ueed in the
caleulation)e

Equation (1) thue becomes the following expressions

Wmin ¢ 60 ) min kg )
;04192 ( -
KL ™0 ¢ OedlZ ¢ 1000 ) o me o hrs o kg/m

The value of the abasorption coefficlent, expressed in partial pressures,
i.0., Kgy in the case of absorption of ocarbon dicxide by water is found from
the relation Kgs*KL/EN, where . is the Henry coefficient reduced to the dimen=
sion mm Hg/(kg/m®)e

Ammonia is easily soluble in water. Consequently, in its absorption the
basic resistance Lis the gas film, Therefore, it is more gonvenient in this
case to calculate the coefficient of the rate of absorption by means of ‘the ex=
pression of the moving force in partial pressures of the gas being absorbed,

For this purpose, we use the equation

Kg - 4 kg (L)
Fe™ o P me « hrs « mm Hg

where . P is the mean logarithmic difference of partial pressures of ammonia
at the intake and the outlet of the apparatus. The other designations are the
same as above., Tt should be pointed out that, in our experiments, the water

supplied to the absorber did not contain ammonia, and that its concentration in

* the outlfowing water did not exceed 1,25 to 2025 grams per liter, At these con-

centrations and an air temperature of 16 to 17°C the equilibrium partial pres=

sure of ammonia approximates zero and cannobt be taken into account. Therefore
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the moving force of absorption can be expressed as the mean logarithm of partial
preseures of ammenia in the gae upon entry and on leaving the apparatus, accords
ing to the equation:

¢ e tn P
; 243 lg(Pn/Ry) ) !

vhore Pn and Py are the partial preseures of ammonia in the incoming and the oute
going gas.

In the experiments with ammonia, the absorbing surfacc was reduced conside
erable, Prelininary examination whowed that not enly with 20 diskse, but aleo
with 10 disks, there is full absorption of ammonia in the sorubber, so that none

was deteoted in the outgoing geee. In view of this faot, the experiments were {
' conduoted with only L disks. In order to reduce the water surface, we passed |
the water only through one section where li disks were rcvoﬁging. The dibth of

immersion was less, and the surface of absorption in this case was 0,08 square

meters,

The quantity of ammonia abeerbed can be cslouloted on the basis of the gas
and on the basis of the liquids As can be seen from Table 3, the difference is
quite negligible. However, considering the greater sccuracy of the data obtained f
i by analysis of the liquid phase, the quantity of absorbed ammonia was estimated

on the basiec of analysis of the agueous solution, 1.0,
Wndp - LCk grams/minute

where L 1s the quantity of water flowlng through the sorubber (in grams per

| minute); Cy is the conzentration of ammonia in the water at the outlet (in grams
; per liter or, which is the same thing, in kllograms per cublc meter.)

The entire equation for KG IS EXPRESSed as follows:

w ]l w

SEPoce
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K - Ck « 60 = 0075 etk ke/n® + hrs o mn He

G 0,06 ¢ ZP s 2000 P

The bagle data obtained frem the experiments on the abeorpticn of earben
dioxide and of ammonie by water in & mechanical sorubber and the absorption cow
officients caloulated for them are given in Tables 2 and 3.

The ccefficients of the rate of abgorption, presented in Table 2, are ox=
prosged by values of Ky in the range of 0,07 to 0,25 kg/m? « hyg ke/m3, which
translated into the coefficient of dbsorption Kg related to the gas phase cor=
responda to 04000217 = 0,00085L lq.g/m2 * hre * m Hg,

For the purpose of comparison, we dite the values of Kr, fer carbon dimeide
in the same units, aes obtained by Sion other authors under the same conditiene
of absorption,

In Perry's hnndbookb the following data are given for the absorption of
carbon dioxice;

1) Can passed over the surface of agitated water) Ky, 0.076
2) Absorption from bubbles of pure carbon dioxide ir a stroam of
down=flowing water; temperature 250C; Kp « 04904
3) Absorption by dreps of water falling from a height of 50 om inte
an atmosphere of pure carben dioxide: KL = 2460
i) Absorption from a mixture of carbon dioxide and air, water agle
tated by a stirrer, gas not agitated, temperature 260¢;
Percent carbon dicxide by volume suseess 100 50 25
KL sosetenissisnsnciniinnninninicieis0,098 0,088 0,079

In the work of Prof shabalin5 the following data are listed for the coef=

fiolent of absorption of carbon dioxide in water, In absorption by drops of a
diameter above 1 mm, Kp = 1lsC¢ The Ky, in absorption from rising bubbles is the

1l =

SECher
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game. In abserption by a downwflowing film of water, with various intensities
of epraying, Ki is reduced to 0¢2 = 0sle

5
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These data indicate that the absorption coefficlents obtained in the meche
arieal gerubber are L to 5 times lower than those obtained by bubbling er by

falling drope. They are grester than thome obtained in absorption by agitated

liquids frem A nonemoving or slowly moving gae.

The absorption coefficients found by ue are very close to those obtained
in sheorption of gas by a flowing film of liquid (with amall densitics of spray)e
This olosenees, obvicusly, is explained by the similarity, as pointed oht above,
between the hydréu:.tc conditions of the absorption procese in mechanical and in

filled scrubbers.
The rate of drainage of the ligquid through the filling, as the average

x throughout the thickness of the layer of downeflowing liquid, can be expressed
: by the formulat

Ve QUNVe T o 8)

| where LQ is the quantity of liquid (in grams per second), Y the thickness of
f the léﬁé;‘.(in em), ‘Q'che gpecific gravity (in grams per mquare centimeter) and :
S the wetted perimeter of the filling {n om)., {
5 For Raschig rings of 50 x 50 x 5 mm, with a xpx spraying density of 30 |
cubic meters per square meter s hr, the thickness of the film is 0,035 em 6;
the wetted perimater for those rings, numerically equal to the specific area |
of the filling, is 87.5 m.

By substituting the given data in the above formula and converting centi-
meters into meters, we obtain for the rate of drainage:

V. 30 = 0,273 m/sec
3600 * 0,00035 ¢ 87.5

wl? =

ERRET
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The rate of drainage of water threugh the tubeg of spriniler coolers is
0415 to 0.3 m/aec 2, 1464, of the same order of magnitude as that caleulated
for fillingss

In eur sorubber, the peripheral speed, at different rpm of the dicks, wae

as followst

pm 17 ¥ 5
Speed for points at edge of disk (m/sec) 0,13 0027 0.LO
Speed for mean circunference (m/sec) 0,07 0.1k 0.20

Thus, under the conditions of our experiments, the magnitude of the speed
of displacement of the 1iquid by means of the digks 1o of the same order as the
rate of dreinage of the liquid through filled scrubbers and consequently brings
gbout no radical change in the motion of the downeflowing loyor; this also ex=
plains the close similarity betweon the coofficients of absorption of the two
cases compared heres

T4 is aloo evident from Table 2 and from Illustration 3 that the rpm of
the diskn exerts a deoisive influence on the magnitude of Ky. Thus, if the num=
ber of rpm is doubled, KL inoraases 1,75 to 2 times, This inorease is analogous
to the increase of Kp in £11led serubbers in which the density of the spray is
increased, L.e., where the rate of down=flow of the liquid film is inoreased.

Tnereased supply of liquid to the serubber slightly raised the value of Ky
For instance, if the rate of inflow of water was increased from 0.5 to 1.0 liters
per mihute, leee, 1f it was doubled, Ky inoreased from 0,1l to 0,17 at 36 rpm
and from 0,195 to 0,248 at 52 rpm, 1.8, it increased 1.2 and 1,26 times,

Change in the rate of flow of the gas does not have any noticeable effect
on the magnitude of Kpe It is quite evident from Figure ks, that if the volu=
metric rate of flow of the gas is {nereased ffom 5 to 23,6 liters per minute,
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while the rpm are wunchanged end the supply of weter remaine conatant, the value

of K; remains constants It ehould be noted that the linear speed of the gas,

related to the lateral orosewsection of the sorubber, gas volume, was very ine

significant in this case, being in the range ef 0,008 te 0,036 m/sec. It is

{ obvious that this gas opeed could not cause turbulence by friotion in the liquid

i film, which playe a predominant role in the absorption of carben dioxide,
Several experiments, as mentioned, were carried out on the gbsorption of

: ammonia by water, The experimentswere performed under the following conditionss

35 rpm, water supply 1,0 liters per minute, rate of gas flow varied frem 10 te

20 liters per minute. As Table 3 shows, the magnitude of the coefficient of abe

gorption was within the range of 0,015 to 0,023 kg/m2 * hrs « mm Hg. An increase
in the rate of gas flow from 10 to 20 liters per minute, i.e., doubling of it,

bPought about an inecrease of Kg from 0,027 to 0,023 on the average, i.e., it ine
| creased 1,35 times, In this case, the effect of the rate of gas flow is already
noticeable, while it was not observed in the absorption of carbon dioxide, How=
ever, this increase is less than under the conditions of a sprayed filling,
where an inorease of KG is proporticnal to the inorease of the rate of gas flow
| in the power, 0.8, which in the givon case would amount to an increase of Ko

by the factor of 1.7k,

In Perry's handbookl! a serlos of values of Ky for the absorption of ammonia
£ by water is given. The data were obtaihed under various conditions of the proce
ess. The numerical data are glven in the dimension mo.'l./m2 e hrs * atms They
were oonverted to the dimension of KG which wex used (kg/ma ¢ hrg « mm Hg). For
towers with sprayed walls, with & change of the rate of gas flow from O.L8 to
04015 m/sec, the value of Kq &t 10°C changed from 0,0383 to 0,0383 to 0.0022L,

and at 30°C and the same rates of flow, correspondingly, from 0,0338 to 0,0022ls,
In work with a column with sprayed walls, 5 om in diameter and 81 cm kigh,

at a temperature of 10°C and the rate of gas flow reduced from 0,259 to 04049 kg/seck m?

.- 1 -
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of crepee=seation area of the colum (0,32 to 0,05 m/aec), the value of Kg changed
£rom 00203 te 0,0053 ke/mé ¢ hre « mn Hes

In the work of Prof Shabalins, which has already been mentiened, the followw=
ing values are given for the coefflcient of absorption of ammonia by watem in
absorption by dreps of a diameter above 1 mm, Kg equals Q.3 to 035 kg/m2 * hrg ¢
o mm Hge It has the same order of magnitude in absorption from rleing bubblese
Kg for a downeflowing film is within the range of 040k to 0.0k kg/me ¢ hre + mn He,
1.8., 10 to 20 times less than for drope or bubbles.

From the comparicon of the values of K, obtained in our experiments and in
thp experiments of other researchers, it is evident that the magnitude of the coe=
fficlent of absorption of an easily=scluble gas in the mechanical sorubber is of
the same order of magnitude as that in the case of a down=flowing film. Never the=
less, considering the low rate of flow of the gas in our experiments, as compared
to the rates of flow used by the cited authors, it can be assumed that the Kg in
the mechanical sorubber, under favorable conditions, will be somewhat higher than
in the case of films draining through a f£illing.

Conclusions:

1, Values of the coefficlents of the rate of absorption by water in mechani-
cal scrubbers with low rpm, both for an eawily=-soluble gas (ammonia) and a gas
with low solubility (carbon dioxide) is close to those of filled scrubbers and
considerably lower than those obtained by bubbling or in towers with alliquid spray.

2, Comparing the advantages of the mechanical scrubber of the type described
(vize low consumption of absorbent liquid, posaibility of obtaining highly concene
trated solutions, lower ing of the resistance to passage of the gas, eto,) and its
shorteomings (viz. power consumption for turning the shaft, high wear in an aggese-~
sive medium, eto,) with those of the filled scrubber, it must be stated that its
use is not particularly effective as compared to the latters

“1f .
SErRET
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3, The use of mechanical serubbers of the type investigated can be justified
only when the absorbent liquid is contaminated by gediment or vhere sediment forms
in the course of the absorption of the gas, 1.0., where the sbsorption of the gas
is actually carried out by a suspeneion rather than a liquid. In this case the
use of other types of absorbers is made difficult by the pogeibility of the appa=
ratus gotting ologged, while there is no danger of this in the cage of mechanical

gorubbers.
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b3
3
'g Rate Rate
= of of
] rpm  Flow flow
g of of
L] water gas
{1/m3n)(1/min
! ;
T} 5 05| 10
{52 {05 10
6152 10 1
! ! |
03 (05 10
183 10 10
29 17 05 | 10
26 17 1.0 | 10
3B 05 10
6 | 35 0.5 20

Table 1.
Concentration of Absorbed Gases in Water When Leaving Scrubber, According to

4nalysis of Several Samples Drawn During the Experiment,
Tn Grams per Liter

Concentration of absorbed gases im water wpon s,
"»hmn':g 2 b‘il,iﬂgﬂ gc:snﬂi:of
- - I avg.
Meoftahngofsamle? in min. from start of " 7 bo
of gas of lith
in section of
25 .5 15 0 125 15 17.5 20 water scrubber,
) (/1) (e/1)
h W 1
f=— | 0s200f — [0,205, — 0.203{ —  0.20L }0.202 W10.190«:.:10.193
[ — == | 0.2001{0.20% {0,200 ; 9.198 | 0.163 : 0.218 {0.20L -
©0.181 | 0.184| 0.171[0.179 f — | — jo.sL {0,189 o182 -
! :
| -— ©/3971 0.190 0.194 | — 0,191 {0.188 0,180 ;9,190 0,151 and 0,182
i { '
0.136 | 0.1l }0.138 0.140 [0.12 io.131 — 'o0.a37 jo0.138 0,138
§ t
D16 | 0.136 | 0.13k 0.135 lo.1kS {0.143 [0.137 0127 [0.138 -
p.0oh | 0203 | — 0,096 | — l0.105| —  0.095 0.09 0.080 and 0.080
125 125 |1.23 122 .19 ‘27 126 L2 125 -
2.26 — 1239 2.21 2,20 2.20 2.20 221 221 -
-7 '/ -
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T;ble 2: ’
Absorption of COy by Water

Gas . Water
]
Concentration Suantity of Concin of -
2 5 of COp | absorbed 4 in g;mn:/]iter g 5 =
o 5 3 | (iters/min) I s 2 N -
ot 5; 5 Total ine  oute 4;; at Equilibriuwm - =
s % Tpm é- & volume coming going' by by B S outlet = = - E
=2 & E liters/ at at = flow- direct B at at o =
& min inlet outlet meter measure~ & in-  out- £ E
ment let  let g 2
1 52 16 10 9.2 8.8 0.5 0.5 9 0.202 0,220
.2 8, .5 0. .2 .220 0.230 0. .
2 gg %2 0 %k 92 0.5 0493 9.5 0.200 0,225 o.23 o.igg b
P2 ¥ % BRI oo om wmhal R o
3 2 - Do ok 20 o5 ol s 0.223 0,250 0.255 0.1k 0.622
z = 5 o o -9 0.98 g.s 0.177  0.235 0.250 0.23% 0.792
7T 52 17 2 100 9.8 Lo o0.99 S ot op oS ] 2554
8 .5 175 20 0.k 9.3 o o, o0 oam o 0.2%0 oo 0.765
. .. R 993 10.0 0.18k 0,2 0.255
9 3B 15 9.65 9.3 9.8 0.5 ook 19 2 X -4 o113
1 3% 17 8.2 111 10.7 0.5 0483 12.5 oae o2 0.215 o 0.39
1 3% 17 10 Mo 106 05 0503 1LZ o eae o2 o3 o
12 ¥ 1 2 10.3 19 0.5 0.h97 10 o oo oz e 0400
1 5 o 2 31 0.5 0.508 0.396  0.240 0.215 0,153 070 .
B 2,2 L, o, o 9.5 0.6 0.243 0.2'3 0.1i7 0153 ~
.. K 112 7.5 0162 0,255 '
5 38 155 5 0.8 98 19 1.08 "2 oo o 9-602
] X 3 8 9.5 9.1 1:0 x 1{6 7.5 0.158 0.255 0.280 0.178 0,602
x .. 9.0 0.10 0.225 0.238 0.9 o
3% 16 10 106 10,0 1.0 Lok B S oo e 2.613
18 33 165 19 9k 8.9 1 107 89 ol 025 o.2m0 oy 0-528 o517
19 38 17 15 9.8 9. Lo 1083 89 oass O3, 025 oias 0.65 ~*
20 38 17 15 10.0 9.6 1.0 1.085 9.8 s s o252 o o551
b x o ped o Iy xe - 0.15 0.240 0.255 2.177 0.512
22 33 17 20 10.2 10 1.9 1.p23 8. oag 23 o ok 0-519
23 35 15 236 965 9.4 1.0 1. S oma el ok oim g
k3B 17 236 9.8 9.6 1o 1ms oo UL o2k o o 0.572
X . X . 8.0 0.0 o. 0.2t % %
25 17 g p 9.6 9.1 88 1.0 I.m5 7.0 o0.089 o.g o.% g.!];a??l 3'3%?
5 9.7 9.4 1.9 0.9 7.5  0.999 0.285 0,25 0.993 0'397
10.7 0.98 7.0 0.107 0.280 o0.285 0,956 0.315
-3 8.0 0.108  0.23: o.295 0.995 0.257
98 10.5 0.1138 0.227 0.2%3 0.088 o.2hh
: . g-ggg 0 0.076 0.217
2,1 250 o, 0.0 ¥
N gﬁc 0.2h7
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Table 3.

Absorptién of Ammonia by Water

Nm;?er ? : - P:::ial pressure, mm Hg Water‘@“mﬁty of absorbed HH. s,
oy TeTpera=  Total : _ Tempera- Conctn 3 of
ment t:;e vo]g;:e ture Volume  Aat outlet Demfmm — boarphi
liters/umin at at °c liters/min grams/liter kg/n;mlai;rs o
" inlet outlet gas water
grams/min  graws/min
4
1 17.5 1 9.9 = 13 13.5 13 0,.k33 2.25 1.09 1.3 0.023
2 6 9 h8.5 3.5 9 0.k97 0.86 0.l11 0.k27 0.019
3 17 10.1 81.5 6 12 0.5 L3 0.703 0.655 0.015
k 16.5 , 1.3 | B 7.5 n 0.5 - 1,23 0.637 0.625 0.016
s 17 {201 69 17.5 31,5 0.5 2.2 0.945 1.1 0.022
6 17 20.1 1 72 15 10 0,49 2.22 1.05 1.08 0.922
!
i
!
-f/F -
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Schematic Drawing of the Experimental Installation with ¥echanical Scrabber
3 - Liguid-Filled pressure regulator;

gas to be absorbed; 2- Trap;
6 - Scrubber T - Aspirators;

8 - Pressure
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9 -FL

L - U-shaped préssure
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ol Cavbon oxbde vn the vpm ot the Disks ot DECCerond Kibes
ot I'low of Water

Absalonir  Tek® Coet'ticlent of Absorption LY Wj o Undinater  vpm
ol Disks, Rate of Flow of Waber; L= 0,4 Litara/minuto;
Y= L0 Lbars/minute

DTN

Bty be  Dependence ot the Costtlolent of Absorpbtlon of Gas
ou the Rate of tlow of the Gas, ab o kabe of ¥low of Waber of 1 Liber/
minube and 35 vpm of the Disks,

dbsolusar  Couftlelent of Absorpblon of Carbon Dloxide K, » 103;
Ovcdinater  Rate of Flow of Gas tu 11buva/mlnn¥e.
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